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1
VEHICLE PILLAR STRUCTURE

BACKGROUND OF THE INVENTION

1. Field of the Invention

The mvention relates to a vehicle pillar structure that
includes a buckling portion.

2. Description of the Related Art

A known technology 1n this technical field 1s described 1n
Japanese Patent Application Publication No. 2005-7949 (JP-
A-2005-7949). A center pillar described in Japanese Patent
Application Publication No. 2005-7949 (JP-A-2005-7949) 1s
provided with a reinforcement made of metal, and the rein-
forcement 1s provided with a recessed buckling portion that
serves as a starting point of buckling. Therefore, when exter-
nal force acts on the center pillar, the center pillar starts
buckling at the buckling portion, and the metal reinforcement
undergoes an extending deformation, whereby energy of the
external force may be absorbed.

However, 1n the conventional pillar structure described
above, although the reinforcement 1s provided with the buck-
ling portion 1n order to control the buckling deformation of
the pillar, the strain that occurs at the buckling portion of the
reinforcement 1s large, so that an ideal deformation mode of
the pillar cannot be obtained.

In addition, because the strain that occurs at the buckling
portion 1s large, 1t may be difficult to control the deformation
mode of the pillar, such as when the reinforcement 1s formed
from a high-tensile steel with low extensibility.

SUMMARY OF THE INVENTION

The invention provides a vehicle pillar structure that
reduces strain of a pillar caused by buckling and that facili-
tates control of the deformation mode of the pillar.

A first aspect of the invention relates to a vehicle pillar
structure. The vehicle pillar structure includes a reinforce-
ment that 1s provided 1n a vehicle pillar and that includes a
buckling portion and a strain reducing face portion, wherein
the buckling portion serves as a starting point of buckling; and
the strain reducing face portion 1s adjacent to the buckling
portion 1n a lateral direction of the reinforcement and reduces
strain that occurs when the buckling.

According to the pillar structure described above, by pro-
viding the strain reducing face portion, it 1s possible to reduce
the strain that occurs starting at the buckling portion when the
pillar buckles in response to an external force. Thus, an 1deal
deformation mode of the pillar can be obtained. In addition,
the strain caused by buckling can be reduced even 1t the
reinforcement 1s formed from a high-tensile steel sheet with
low extensibility. Therefore, it 1s possible to facilitate control
ol the deformation mode of the pillar.

In the vehicle pillar structure described above, the strain
reducing face portion may be inclined relative to a first face of
the reinforcement 1n which the buckling portion 1s formed,
and an inclination angle of the strain reducing face portion
relative to the first face may be set according to buckling
strength of the buckling portion.

Generally, the strain caused by buckling increases as the
buckling strength of the buckling portion becomes higher.
Further, the degree of reduction of the strain caused by buck-
ling changes by changing the inclination angle of the strain
reducing face portion relative to a face of the reinforcement in
which the buckling portion 1s formed. Accordingly, by setting,
the inclination angle of the strain reducing face portion rela-
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tive to the face according to the buckling strength of the
buckling portion, 1t 1s possible to more suitably reduce the
strain caused by the buckling.

In the vehicle pillar structure described above, the buckling,
portion may be formed by reducing width of a first face of the
reinforcement, and the strain reducing face portion may be
inclined relative to the first face of the remnforcement. In this
case, an inclination angle of the strain reducing face portion
relative to the first face of the reinforcement may be set
according to the width of the first face of the reinforcement 1n
the buckling portion.

The buckling strength of the buckling portion 1s low, 11 the
width of the reinforcement at which the buckling portion 1s
formed 1s narrow and the inclination of the strain reducing
face portion relative to a face of the reinforcement 1n which
the buckling portion 1s formed 1s gentle. On the other hand,
the buckling strength of the buckling portion 1s high, if the
width of the reinforcement at which the buckling portion 1s
formed 1s wide and the inclination of the strain reducing face
portion relative to a face of the reinforcement in which the
buckling portion i1s formed 1s steep. Thus, according to the
construction described above, while the desired buckling
strength can be obtained by adjusting the width of the rein-
forcement 1n the buckling portion and the inclination angle of
the strain reducing face portion, it 1s possible to suitably
reduce the strain caused by the buckling.

In the vehicle pillar structure described above, a plurality of
buckling portions may be juxtaposed 1n a vertical direction of
the reinforcement, and a plurality of strain reducing face
portions may be adjacent to the buckling portions. In this
case, each buckling portion may have a different buckling
strength, and each strain reducing face portion may have a
different inclination angle relative to a first face of the rein-
forcement in which the buckling portions are formed, and the
strain reducing face portions may be connected to each other.
Furthermore, the buckling portions may include a first buck-
ling portion and a second buckling portion, and the first buck-
ling portion may be provided between one of the buckling
portions and the second buckling portion 1n the lateral direc-
tion of the reinforcement.

When the pillar buckles, the buckling portions buckle
sequentially 1n the order from the buckling portion with the
lowest buckling strength to the buckling portion with the
highest buckling strength, and therefore the strain reducing
portions serve to reduce the strain by the buckling sequen-
tially in the order from the strain reducing face portion adja-
cent to the buckling portion with the lowest buckling strength
to the strain reducing face portion adjacent to the buckling
portion with the highest buckling strength. According to the
construction described above, because the strain reducing
face portions that are different 1n the inclination angle relative
to a face of the reinforcement are interconnected, strain
caused 1n a strain reducing face portion 1s restrained from
propagating to an adjacent strain reducing face portion via the
interface between the two strain reducing face portions.
Therefore, one buckling portion may buckle without being
alfected by the strain of the other buckling portion that has
already buckled, so that a more suitable deformation mode
can be obtained.

In the vehicle pillar structure described above, a plurality of
buckling portions may be juxtaposed 1n a vertical direction of
the reinforcement, and a plurality of buckling portions may be
constructed of V-shaped grooves whose cross sectional
shapes are substantially same. In this case, the buckling por-
tions may include a first buckling portion and a second buck-
ling portion, and a bottom portion of the first buckling portion
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may be provided with a protrusion and the bottom portion of
the second buckling portion 1s not provided with the protru-
S1011.

According to the construction described above, when the
V-shaped groove with the protrusion buckles, the protrusion
serves to 1nhibit the deformation of the groove. That 1s, by
providing the protrusion on the bottom portion of the groove,
the buckling strength of the groove may be increased. Thus,
by providing the groove whose bottom portion 1s provided
with the protrusion and the groove whose bottom portion 1s
not provided with the protrusion, the upper groove may have
different buckling strength from the lower groove. Therelore,
it 1s possible to deform the pillar in a desired deformation
mode.

In the vehicle pillar structure described above, the buckling,
portion may be constructed of a recessed portion that 1s
tformed 1n the reinforcement and that includes a bottom face
portion, an upper wall portion and a lower wall portion, and
the upper wall portion may be connected to an upper end of
the bottom face portion and the lower wall portion may be
connected to an lower end of the bottom face portion. In this
case, an angle between the upper wall portion and the bottom
face portion may ditfer from the angle between the lower wall
portion and the bottom face portion.

The buckling strength of the interface between the wall
portion and the bottom face portion becomes lower as the
angle between the wall portion and the bottom face portion
decreases. According to the above-described construction, an
upper side portion of the recessed portion may have different
buckling strength from a lower side portion of the recessed
portion. Therefore, i1t 1s possible to deform the pillar 1n a
desired deformation mode.

In the vehicle pillar structure described above, the buckling
portion may be formed in an obverse face of the reinforce-
ment, and the strain reducing face portion may be provided
between the obverse face and a side face of the reinforcement.
In this case, at least one of the strain reducing face portion and
the side face may be curved outward 1n the lateral direction of
the reinforcement.

According to the above-described construction, when the
obverse face of the reinforcement recerves external force and
the pillar buckles, the at least one of the strain reducing face
portion and the side face deforms to protrude outward, with-
out deforming to fall inward. The deformation in this manner
1s caused by the configuration the at least one of the strain
reducing face portion and the side face. Accordingly, the
strain occurs 1n the strain reducing face portion and the side
face can be reduced, so that a more suitable deformation
mode can be obtained.

In the vehicle pillar structure described above, the rein-
forcement may include an obverse face and a side face, and
the buckling portion may be formed 1n the obverse face, and
the strain reducing face portion may be provided between the
obverse face and the side face. An angle between the strain
reducing face portion and the obverse face of the reinforce-
ment may be larger than the angle of between the side face of
the reinforcement and the obverse face of the reinforcement.

In the vehicle pillar structure described above, buckling
strength of an upper side portion of the buckling portion may
differ from the buckling strength of a lower side portion of the
buckling portion.

In the vehicle pillar structure described above, the buckling
strength of the lower side portion of the buckling portion may
be lower than the buckling strength of the upper side portion
of the buckling portion.
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In the vehicle pillar structure described above, a plurality of
buckling portions may be juxtaposed 1n a vertical direction of
the remforcement, and each buckling portion may have a
different buckling strength.

In the vehicle pillar structure described above, the buckling
strength of the lower buckling portion may be lower than the
buckling strength of the upper buckling portion.

In the vehicle pillar structure described above, an upper
strain reducing face portion may be adjacent to the upper
buckling portion, and a lower strain reducing face portion
may be adjacent to the lower buckling portion. In this case, an
inclination angle of the upper strain reducing face portion
relative to the obverse face of the reinforcement may be larger
than the inclination angle of the lower strain reducing face
portion relative to the obverse face of the reinforcement.

In the vehicle pillar structure described above, an upper
side portion of the strain reducing face portion may be adja-
cent to the upper buckling portion, and a lower side portion of
the strain reducing face portion may be adjacent to the lower
buckling portion. In this case, an inclination angle of the
upper side portion of the strain reducing face portion relative
to the obverse face of the reinforcement may be larger than the
inclination angle of the lower side portion of the strain reduc-
ing face portion relative to the obverse face of the reinforce-
ment.

According to the constructions described above, 1t 15 pos-
sible to reduce the stain of the pillar caused by buckling and
thereby to facilitate control of the deformation mode of the
pillar.

BRIEF DESCRIPTION OF THE DRAWINGS

The foregoing and further objects, features and advantages
of the mvention will become apparent from the following
description of example embodiments with reference to the
accompanying drawings, wherein like numerals are used to
represent like elements and wherein:

FIG. 1 1s a perspective view showing a first embodiment of
a reinforcement that 1s applied to a pillar structure 1n accor-
dance with the invention;

FIG. 2 1s a sectional view taken along line 1n FIG. 1;

FIG. 3 1s aperspective view showing a second embodiment
of the remnforcement that 1s applied to a pillar structure 1n
accordance with the invention;

FIG. 4 A 1s a sectional view taken along line I'Va-IVa in FIG.

3, and FIG. 4B 1s a sectional view taken along line IVb-IVb 1n
FIG. 3;

FIG. 51s a perspective view showing a third embodiment of
a reinforcement that 1s applied to a pillar structure 1n accor-
dance with the invention;

FIG. 6A 1s a sectional view taken along line VIa-Via 1n
FIG. S5, and FIG. 6B 1s a sectional view taken along line
VIb-VIb 1n FIG. 5;

FIG. 7 1s a perspective view showing a fourth embodiment
of the reinforcement that 1s applied to a pillar structure 1n
accordance with the invention;

FIG. 8 1s perspective view showing a fifth embodiment of
the reinforcement that 1s applied to a pillar structure 1n accor-
dance with the invention;

FIG. 91s aperspective view showing a sixth embodiment of
the reinforcement that 1s applied to a pillar structure 1n accor-
dance with the invention;

FIG. 10 1s a perspective view showing a seventh embodi-
ment of the reinforcement that 1s applied to a pillar structure
in accordance with the invention; and
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FIG. 11A 1s a sectional view taken along line XlIa-XIa in
FIG. 10, and FIG. 11A 1s a sectional view showing the rein-
forcement 1n the second embodiment undergoing deforma-
tion 1n a side collision.

DETAILED DESCRIPTION OF

EMBODIMENTS

Hereinaiter, embodiments of a vehicle pillar structure in
accordance with the ivention will be described 1n detail with
reference to the drawings. In descriptions of the first to sev-
enth embodiments, the same components are denoted by the
same reference characters, and redundant descriptions will be
avoided.

First Embodiment

As shown 1n FIG. 1 and FIG. 2, a reinforcement 1 of a
center pillar (B pillar) extends between a roof side rail 2 and
arocker 3, as shown in FIG. 1 and FIG. 2. An upper portion of
the reinforcement 1 1s provided with an upper attachment
portion 15 for welding the reinforcement 1 to the roof side rail
2. A lower portion of the reinforcement 1 1s provided with a

lower attachment portion 1¢ for welding the reinforcement 1
to the rocker 3.

Furthermore, the reinforcement 1 1s provided with an upper
hinge seat portion 8 and a lower hinge seat portion 9 to which
the hinges of a door are fixed. In the center pillar, an outer
surface of the reinforcement 1 constructed as described above
1s covered with a side outer panel (not shown).

A front pillar (A pillar) serves to support a vehicle cabin in
the event of a head-on collision or an offset collision. On the
other hand, the center pillar serves to support the vehicle
cabin 1n the event of a side collision. When a side collision
occurs, 1n view of the protection of the head of an occupant,
crash of the roof may be controlled by preventing the upper
half of the center pillar, that 1s, the portion above the beltline
L, from collapsing inward.

Therefore, 1n an obverse face 1a of the reinforcement 1, a
bead 10 that forms a V-shape groove extending in the lateral
direction ofthe reinforcement 1 1s provided below the beltline
L. The bead 10 serves as a starting point of buckling (initial
buckling point) of the reinforcement 1 when an external force
acts on the reinforcement. The bead 1s a recessed portion,
such as a groove, formed on the obverse face 1a, and serves as
a buckling portion.

Strain reducing face portions 20 are formed on two ridge
portions le positioned at both sides of the obverse face 1a of
the reinforcement 1. The strain reducing face portions 20 are
positioned adjacent to the bead 10 1n the lateral (horizontal)
direction of the remnforcement 1. The strain reducing face
portions 20 are formed as chamiered ridge portions 1e. Each
strain reducing face portion 20 extends 1n the vertical (longi-
tudinal) direction of the reinforcement 1. Each strain reducing,
face portion 20 may be configured so that an angle between
the strain reducing face portion 20 and the obverse face 1a of
the reinforcement 1 1s larger than the angle of between a side
face 1d of the reinforcement 1 and the obverse face 1a of the
reinforcement 1A; 1B; 1C; 1D; 1E; 1F. As shown 1n FIG. 2,
cach strain reducing face portion 20 1s inclined relative to the
obverse face 1a of the reinforcement 1, and the inclination
angle o of each strain reducing face portion 20 relative to the
obverse face 1a 1s a gentle angle (an open angle a between
cach strain reducing face portion 20 and the obverse face 1a 1s
large).

The reinforcement 1 described above 1s formed to have a
generally U-shaped cross section by pressing a high-tensile
steel sheet. The high-tensile steel sheet may have a high
strength, for example, a tensile strength of 1000 MPa or more.
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The opening of the U sectional shape of the reinforcement 1
may be covered with a back plate 30.

As described above, when a side collision of the vehicle
occurs, the reinforcement 1 starts buckling from the bead 10.
Because the inclination angle of each strain reducing face
portion 20 relative to the obverse face 1a of the reinforcement
1 1s a gentle angle, the strain starting at the bead 10 may be
reduced 1n comparison with the case of the related art; in
which no strain reducing face portion 1s provided. The strain
caused by buckling can be reduced in this manner, and thus,
an 1deal deformation mode of the pillar can be obtained.

In addition, the strain caused by buckling can be reduced
even 1f the reinforcement 1 1s formed from a high-tensile steel
sheet with low extensibility. Therefore, 1t 1s possible to facili-
tate control of the deformation mode of the pillar. That 1s,
even 1f the entire reinforcement 1 1s formed from a high-
tensile steel sheet 1n order to secure a strength of the upper
portion of the reinforcement 1 above the beltline L, providing
the strain reducing face portions 20 adjacent to the bead 10
makes it possible to cause the lower portion of the reinforce-
ment 1 below the beltline L to deform at the buckling position
without involving large strain. This eliminates the need for,
for example, using different steel sheet between the upper
potion and the lower portion of the reinforcement below the
beltline L so that the lower portion 1s formed from a high-
tensile steel sheet 1n order to buckle the lower portion. Thus,
the entire reinforcement 1 may be formed of a single kind of
matenal, and therefore 1t 1s possible to facilitate the produc-
tion process and reduce the production cost.

Second Embodiment

As shown 1n FIG. 3 and FIGS. 4A and 4B, an obverse face
1a of a reinforcement 1A of a center pillar has beads (buck-
ling portions) 11A and 11B, which are provided 1n the stated
order from above between the upper hinge seat portion 8 and
the lower hinge seat portion 9. Both of the upper hinge seat
portion 8 and the lower hinge seat portion 9 are positioned
below the beltline L. The beads 11A and 11B each form a
V-shape groove that extends in the lateral direction of the
reinforcement 1A, and the groove of the bead 11B has a
greater depth than the groove of the bead 11A. As for the
beads of this kind, the deeper the groove 1s, the lower the
buckling strength 1s. Therefore, the buckling strength of the
bead 11B 1s lower than the buckling strength of the bead 11A.
The beads 11A and 11B serve as starting points when the
reinforcement 1A buckles 1n response to an external force.

Beads 40A, 40B and 40C are formed 1n the side face 14 on
cach side of the obverse face 1a. The bead 40A 1s provided at
a height position above the bead 11A. The bead 40B 1s pro-
vided at a height position between the beads 11A and 11B.
The bead 40C 1s provided at a height position below the bead
11B. Each of the beads 40A to 40C extends across the corre-
sponding side face 14 1n the width direction of the side face.
Thus, the side faces 14 are divided by the beads 40A to 40C.
That 1s, each side face 1d 1s divided 1nto a side face S0A above
the bead 40A, a side face 50B between the bead 40A and the
bead 40B, a side face S0C between the bead 40B and the bead
40C, and a side face 50D below the bead 40C.

Strain reducing face portions 21 are formed on two ridge
portions 1e positioned at both sides of the obverse face 1a of
the reinforcement 1A. The strain reducing face portions 21
are positioned adjacent to the beads 11 A and 11B in the lateral
direction of the reinforcement 1A. The strain reducing face
portions 21 are formed as chamifered ridge portions 1e. Each
strain reducing face portion 21 extends 1n the vertical (longi-
tudinal) direction of the remnforcement 1.

Each strain reducing face portion 21 includes a strain
reducing face portion 21a that1s provided adjacent to the bead
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11A, and a strain reducing face portion 215 that 1s provided
adjacent to the bead 11B. In each strain reducing face portion
21, one end of the strain reducing face portion 21a 1s near the
bead 11A, and the opposite end thereof 1s near the corre-
sponding side face 50B. Likewise, one end portion of the
strain reducing face portion 215 1s near the bead 11B, and the
opposite end thereot 1s near the corresponding side face 50C.

Furthermore, the inclination angle al of the strain reduc-
ing face portion 21a relative to the obverse face 1a of the
reinforcement 1A (i.e., the open angle between the strain
reducing face portion 21q and the obverse face 1a), as shown
in FIG. 4A, 1s gentler (greater in the open angle) than the
inclination angle (31 of the strain reducing face portion 215
relative to the obverse face 1a of the reinforcement 1A (1.e.,
the open angle between the strain reducing face portion 215
and the obverse face 1a), as shown 1n FIG. 4B. By increasing
the width of the side face, as 1n the case of the side faces 50B
adjacent to the strain reducing face portions 21a, the inclina-
tion angle al of the corresponding strain reducing face por-
tion 21a relative to the obverse face 1a becomes gentler.
Conversely, by decreasing the width of the side face, as in the
case of the side faces S0C adjacent to the strain reducing face
portions 215, the inclination angle p1 of the corresponding
strain reducing face portion 215 relative to the obverse face 1a
becomes sharper.

The reinforcement 1A as described above may be formed
by pressing a high-tensile steel sheet.

As described above, when a side collision occurs, the rein-
torcement 1 buckles, with the beads 11A and 11B serving as
starting points of buckling. Then, the beads 11A and 11B
buckle 1n the order of the bead 11B, whose buckling strength
1s lower, and the bead 11 A, whose buckling strength 1s higher.
Besides, when a bead having a higher buckling strength buck-
les, there occurs a greater strain than when a bead having a
lower buckling strength buckles. Therefore, because the
strain reducing face portions 21a adjacent to the bead 11 A are
connected to the obverse face 1a at the gentle angle al, the
strain that occurs starting at the higher buckling strength bead
11 A (starting point) can be more suitably reduced than 1n the
case where the strain reducing face portions 21a are con-
nected to the bead 11A at a sharper angle. Thus, by setting the
inclination angles of the strain reducing face portions 21a and
215 relative to the obverse face 1a according to the buckling
strengths of the beads 11A and 11B, the strain caused by
buckling can be more suitably reduced.

Because the strain caused by buckling can be reduced, the
ideal deformation mode of the pillar can be obtained. In
addition, the strain caused by buckling can be reduced even 1f
the remnforcement 1 1s formed from a high-tensile steel sheet
with low extensibility. Therefore, 1t 1s possible to facilitate
control of the deformation mode of the pillar. That 1s, even 1f
the entire reinforcement 1A 1s formed from a high-tensile
steel sheet 1n order to secure a strength of the upper portion of
the reinforcement 1A above the beltline L, the lower portion
of the reinforcement 1A below the beltline L can deform at the
buckling position without involving large strain. Thus, the
entire reinforcement 1A may be formed of a single kind of
matenal, and therefore 1t 1s possible to facilitate the produc-
tion process and reduce the production cost.

In addition, by forming the beads 40A to 40C 1n the side
faces 1d, when the lower portion of the reinforcement 1A
deforms, the beads 40A to 40C brace so as to restrain com-
plete crush of the lower portion of the remnforcement 1A.
Thus, deformation of the pillar may be restrained.

In addition, the amount of crush of the reinforcement 1A
may be controlled by changing the heights of the beads 40A
to 40C (1.e., the lengths thereof in the width direction of the
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side faces 1d) according to the inclination angles of the strain
reducing face portions 21a and 215 relative to the obverse
face 1a.

Third Embodiment

As shown 1n FIG. 5 and FIGS. 6 A and 6B, an obverse face
1a of areinforcement 1B of a center pillar has beads (buckling
portions) 11 A and 11B, which are provided in the stated order
from above between the upper hinge seat portion 8 and the
lower hinge seat portion 9. Both of the upper hinge seat
portion 8 and the lower hinge seat portion 9 are positioned
below the beltline L. The groove of the bead 11B has a greater
depth than the groove of the bead 11A. Theretore, the buck-
ling strength of the bead 11B 1s lower than the buckling
strength of the bead 11A. The beads 11A and 11B serve as
starting points when the reinforcement 1A buckles 1n
response to an external force.

Beads 40A, 40B and 40C are formed 1n the side face 14 on
either side of the obverse face 1a. Accordingly, each of the
side faces 1d 1s divided into side faces S0A, 50B, 50C and
50D.

Strain reducing face portions 22 are formed on two ridge
portions 1e positioned at both sides of the obverse face 1a of
the reinforcement 1B. The strain reducing face portions 22
are positioned adjacent to the beads 11 A and 11B in the lateral
direction of the reinforcement 1B. The strain reducing face
portions 22 are formed as chamifered ridge portions 1e. Each
strain reducing face portion 22 extends in the vertical (longi-
tudinal) direction of the remnforcement 1B.

Each strain reducing face portion 22 includes strain reduc-
ing face portions 22a and 22b. The strain reducing face por-
tion 225 1s provided adjacent to the bead 11B and extends
from a height position corresponding to the upper hinge seat
portion 8 to a height position corresponding to near the height
position of the lower hinge seat portion 9. The strain reducing
face portion 22a 1s provided at a height position correspond-

ing to the bead 11A, between the strain reducing face portion
22b and the bead 11 A 1n the lateral direction of the reinforce-

ment 1B. That 1s, one lateral end of each strain reducing face
portion 22a 1s adjacent to the bead 11 A, and the other lateral
end thereof 1s adjacent to each strain reducing face portion

22b.

Furthermore, the inclination angle a2 of the strain reduc-
ing face portion 22q relative to the obverse face 1a of the
reinforcement 1B (1.¢., the open angle between the strain
reducing face portion 22a and the obverse face 1a), as shown
in FIG. 6A, 1s gentler (greater in the open angle) than the
inclination angle 32 of the strain reducing face portion 225
relative to the obverse face 1a of the reinforcement 1B (1.e.,
the open angle between the strain reducing face portion 2256
and the obverse face 1a), as shown 1 FIG. 6B. With this
configuration, the strain reducing face portion 22a and the
strain reducing face portion 2256 on each side of the obverse
face 1a, which have different inclination angles relative to the
obverse face 1a, are connected, so that a ridge line R 1s formed
at the interface between the strain reducing face portion 22a
and the strain reducing face portion 225b.

The reinforcement 1B as described above may be formed
by pressing a high-tensile steel sheet.

As described above, the strain reducing face portions 22a
adjacent to the bead 11 A, which have high buckling strength,
are connected to the obverse face 1a at a gentle inclination
angle a2, as 1n the second embodiment. Therefore, the strain
that occurs starting at the high buckling strength bead 11A
can be more suitably reduced than 1n the case where the strain

reducing face portions are connected to the bead at a sharp
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inclination angle. Thus, strain caused by buckling can be
more suitably reduced according to the buckling strengths of
the beads 11 A and 11B.

Besides, because the strain reducing face portions 22a and
22bwhose inclination angles are different {from each other are
connected, the strain that occurs in the strain reducing face
portions 225 when the bead 11B buckles can be restrained
from propagating to the strain reducing face portions 22a via
the interfaces (portions of the ridge lines R) between the strain
reducing face portions 22q and the strain reducing face por-
tions 2256. Due to this, the other bead 11 A can buckle without
being atfected by the strain of the bead 11B that buckles
earlier, so that a more suitable deformation mode can be
obtained.

In addition, the strain caused by buckling can be reduced
even 1f the reinforcement 1B 1s formed from a high-tensile
steel sheet with low extensibility. Therefore, 1t 1s possible to
facilitate control of the deformation mode of the pillar. That
1s, even 1f the entire reinforcement 1B 1s formed from a
high-tensile steel sheet 1n order to secure a strength of the
upper portion of the remnforcement 1B above the beltline L,
the lower portion of the reinforcement 1B below the beltline
L. can deform at the buckling position without involving large
strain. Thus, the entire reinforcement 1B may be formed of a
single kind of material, and therefore 1t 1s possible to facilitate
the production process and reduce the production cost.

Furthermore, the beads 40A to 40C 1n the side faces 14
restrain complete crush of the lower portion of the reinforce-
ment 1B, and thereby restrain deformation of the pillar. In
addition, the amount of crush of the reinforcement 1B can be
controlled by changing the heights of the beads 40A to 40C
according to the inclination angles of the strain reducing face
portions 22a and 22b relative to the obverse face 1a.

Fourth Embodiment

As shown 1n FIG. 7, an obverse face 1a of a reinforcement
1C of a center pillar has beads (buckling portions) 12A and
12B, which are provided in the stated order from above
between the upper hinge seat portion 8 and the lower hinge
seat portion 9. Both of the upper hinge seat portion 8 and the
lower hinge seat portion 9 are positioned below the beltline L.
The beads 12A and 12B each form a V-shape groove that
extends in the lateral direction of the reinforcement 1C, and
the groove of the bead 12 A has a same depth as the groove of
the bead 12B. A bottom portion of the bead 12A 1s provided
with a protrusion 60 that protrudes outward. The beads 12A
and 12B serve as starting points when the reinforcement 1C
buckles 1n response to an external force.

Beads 40A, 40B and 40C are formed 1n the side face 14 on
cach side of the obverse face 1a. The bead 40A 1s provided at
a height position above the bead 12A. The bead 40B 1s pro-
vided at a height position between the beads 12A and 12B.
The bead 40C 1s provided at a height position below the bead
12B.

Strain reducing face portions 23 are formed on two ridge
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by pressing a high-tensile steel sheet.

As described above, the strain reducing face portions 23 are
adjacent to the beads 12A and 12B, as in the first embodiment.
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Accordingly, the strain that occurs starting at the beads 12A
and 12B may be reduced, so that an 1deal deformation mode
of the pillar may be obtained.

In addition, the protrusion 60 provided on the bottom por-
tion of the bead 12 A inhibits deformation of the bead 12A so
as to narrow the width of the V groove bead 12A when the
bead 12 A buckles. That 1s, the protrusion 60 provided on the
bottom portion of the bead 12A increases the buckling
strength of the bead 12A. Thus, by providing the protrusion
60 only on the bottom portion of the bead 12A, the buckling
strengths of the beads 12A and 12B juxtaposed in the vertical
direction of the reinforcement 1C can be made different from
cach other. Therefore, the pillar can deform 1n a desired
deformation mode.

In addition, by providing the strain reducing face portions
23, the strain caused by buckling can be reduced even if the
reinforcement 1C 1s formed from a high-tensile steel sheet
with low extensibility. Therefore, 1t 1s possible to facilitate
control of the deformation mode of the pillar. That 1s, even 1f
the entire reimnforcement 1C 1s formed from a high-tensile
steel sheet 1n order to secure a strength of the upper portion of
the remnforcement 1C above the beltline L, the lower portion
of the reinforcement 1C below the beltline L can deform at the
buckling position without involving large strain. Thus, the
entire reinforcement 1C may be formed of a single kind of
material, and therefore 1t 1s possible to facilitate the produc-
tion process and reduce the production cost.

Furthermore, the beads 40A to 40C in the side faces 1d
restrain complete crush of the lower portion of the reinforce-
ment 1C, and thereby restrain deformation of the pillar. In
addition, the amount of crush of the reinforcement 1C can be
controlled by changing the heights of the beads 40A to 40C
according to the inclination angles of the strain reducing face
portions 23 relative to the obverse face 1a.

Fiith Embodiment

As shown 1n FIG. 8, an obverse face 1a of a reinforcement
1D of a center pillar includes a recessed portion 13 that 1s
provided between the upper hinge seat portion 8 and the lower
hinge seat portion 9, both of which are positioned below the
beltline L. The recessed portion 13 serves as a buckling por-
tion.

The recessed portion 13, formed as a groove, extends 1n the
lateral direction of the reinforcement 1D. The recessed por-
tion 13 1s constructed of a bottom face portion 135 that
extends 1n the vertical (longitudinal) direction of the rein-
forcement 1D, an upper wall portion 13q that 1s connected to
an upper end of the bottom face portion 135, and a lower wall
portion 13¢ that 1s connected to a lower end of the bottom face
portion 13b. A rising angle between the upper wall portion
13a and the bottom face portion 135 differs from the rising
angle between the lower wall portion 13¢ and the bottom face
portion 13b. Specifically, the rising angle of the lower wall
face portion 13c¢ 1s steeper (smaller) than the rising angle of
the upper wall face portion 13a. In the recessed portion 13, an
upper interface between the upper wall face portion 13q and
the bottom face portion 135 and a lower interface between the
lower wall face portion 13¢ and the bottom face portion 135
serve as starting points of buckling when an external force
acts on the reinforcement 1D. The lower interface has a larger

fall from the obverse face 1a than the upper wall face 1a.
Beads 40A, 40B and 40C are formed 1n the side face 14 on

each side of the obverse face 1a. Each of he beads 40A, 40B
and 40C 1s provided at a height position between the upper
hinge seat portion 8 and the lower hinge seat portion 9.
Strain reducing face portions 24 are formed on two ridge
portions 1e positioned at both sides of the obverse face 1a of
the reinforcement 1D. The strain reducing face portions 24
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are positioned adjacent to the recessed portion 13 in the lateral
direction of the reinforcement 1D. The strain reducing face
portions 24 are formed as chamiered ridge portions 1e. Each
strain reducing face portion 24 extends in the vertical direc-
tion of the reinforcement 1D. In addition, each strain reducing,
face portion 24 1s inclined relative to the obverse face 1a of the
reinforcement 1D.

The reinforcement 1D as described above may be formed
by pressing a high-tensile steel sheet.

In general, 1f the reinforcement provided with a recessed
portion recerves an external force, the buckling strength of an
interface between a wall face portion and a bottom face por-
tion of the recessed portion decreases as the rising angle
between the wall face portion and the bottom face portion
becomes steeper. Therefore, 1n this embodiment, the buckling
strength of the upper interface 1s higher than the buckling
strength of the lower interface. Thus, because the upper wall
face portion 134 has a different rising angle from that of the
lower wall face portion 13¢, buckling portions with different
buckling strengths, which are juxtaposed 1n the vertical direc-
tion of the reinforcement 1D, 1s provided so that the pillar can
deform 1n a desired deformation mode. When a side collision
occurs, the lower interface with lower buckling strength
buckles first, and then the upper intertace with higher buck-
ling strength buckles. Thus, buckling of the reinforcement 1D
starts at the lower side thereot, so that a more suitable defor-
mation mode of the pillar can be obtained.

The strain reducing face portions 24 are adjacent to the
recessed portion 13, as in the first embodiment. Accordingly,
the strain that occurs starting at the lower interface and the
upper interface can be reduced, so that an 1deal deformation
mode of the pillar can be obtained.

In addition, by providing the strain reducing face portions
24, the strain caused by buckling can be reduced even 11 the
reinforcement 1D 1s formed from a high-tensile steel sheet
with low extensibility. Therefore, 1t 1s possible to facilitate
control of the deformation mode of the pillar. That 1s, even 1f
the entire reinforcement 1D 1s formed from a high-tensile
steel sheet 1n order to secure a strength of the upper portion of
the reinforcement 1D above the beltline L, the lower portion
of the reinforcement 1D below the beltline L can deform at the
buckling position without involving large strain. Thus, the
entire reinforcement 1D may be formed of a single kind of
matenal, and therefore 1t 1s possible to facilitate the produc-
tion process and reduce the production cost.

Furthermore, the beads 40A to 40C 1n the side faces 1d
restrain complete crush of the lower portion of the reinforce-
ment 1D, and thereby restrain deformation of the pillar. In
addition, the amount of crush of the reinforcement 1D can be
controlled by changing the heights of the beads 40A to 40C
according to the inclination angles of the strain reducing face
portions 24 relative to the obverse face 1a.

Sixth Embodiment

As shown 1n FIG. 9, an obverse face 1a of a reinforcement
1E of a center pillar includes a wide constricted portion 14a
and a narrow constricted portion 145, which are provided 1n
the stated order from above between the upper hinge seat
portion 8 and the lower hinge seat portion 9. Both of the upper
hinge seat portion 8 and the lower hinge seat portion 9 are
positioned below the beltline L. Both of the wide constricted
portion 14a and the narrow constricted portion 145 are
formed by reducing width of the obverse face 1la of the
reinforcement 1E. The wide constricted portion 14a has a
larger width (length 1n a lateral direction of the remnforcement
1E) than the narrow constricted portion 145. In this embodi-
ment, the wide constricted portion 14aq and the narrow con-
stricted portion 14H serve as buckling portions.
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Strain reducing face portions 25 are formed on two ridge
portions 1e positioned at both sides of the obverse face 1a of
the reinforcement 1E. The strain reducing face portions 25
extend from the height position corresponding to the upper
hinge seat portion 8 to the height position corresponding to
the height position of the lower hinge seat portion 9. The
strain reducing face portions 25 are formed as chamifered
ridge portions le. Each strain reducing face portion 23
extends 1n the vertical (longitudinal) direction of the rein-
forcement 1E.

The inclination angle of each strain reducing face portion
235 relative to the obverse face 1a varies 1n the vertical direc-
tion of the reinforcement 1E. Specifically, the inclination
angle of the strain reducing face portion 23 relative to the
obverse face 1a at a site 25a adjacent to the wide constricted
portion 14a (hereinafter, referred to as “steep inclination
site”’) 1s steeper than the inclination angle of the strain reduc-
ing face portion 25 relative to the obverse face 1a at a site 255
adjacent to the narrow constricted portion 146 (heremafter,
referred to as “gentle mclination site™).

Thus, 1n the lower portion of the reinforcement 1E below
the beltline L, the width of the obverse face 1a 1s reduced to
form the wide constricted portion 14a and the narrow con-
stricted portion 145, and the strain reducing face portion 23 1s
provided adjacent to the wide constricted portion 14a and the
narrow constricted portion 145.

In the lower portion of the reinforcement 1E below the
beltline L, the wide constricted portion 14a and the narrow
constricted portion 145, which are formed by reducing the
width of the obverse face 1a, serve as starting points of
buckling when an external force acts on the reinforcement 1E.

The reinforcement 1E as described above may be formed
by pressing a high-tensile steel sheet.

As described above, because the gentle inclination site 255
1s provided adjacent to the narrow constricted portion 145, the
buckling strength of the narrow constricted portion 145 1s
lower than that of the wide constricted portion 14a, which 1s
adjacent to the steep inclination site 25a. Thus, by adjusting
the width of the obverse face 1a and the inclination angle of
cach strain reducing face portion 25 in the above-described
manner, 1t 1s possible to provide buckling portions that are
juxtaposed 1n the vertical direction of the reinforcement 1E
and that are different 1n the buckling strength from each other.
Therefore, the pillar may deform 1n a desired deformation
mode. In addition, when a side collision occurs, the narrow
constricted portion 145 with lower buckling strength buckles
first, and then the wide constricted portion 14a with higher
buckling strength buckles. Thus, buckling of the remnforce-
ment 1E starts at the 20, lower side thereof, so that a more
suitable deformation mode of the pillar can be obtained.

In addition, by providing the strain reducing face portion
235, the strain caused by buckling can be reduced even 11 the
reinforcement 1E 1s formed from a high-tensile steel sheet
with low extensibility. Therefore, 1t 1s possible to facilitate
control of the deformation mode of the pillar. That 1s, even 1f
the entire reinforcement 1E 1s formed from a high-tensile
steel sheet 1n order to secure a strength of the upper portion of
the reinforcement 1E above the beltline L, the lower portion
ol the reinforcement 1E below the beltline L can deform at the
buckling position without involving large strain. Thus, the
entire reinforcement 1E may be formed of a single kind of
material, and therefore it 1s possible to facilitate the produc-
tion process and reduce the production cost.

Seventh Embodiment

As shown 1n FIG. 10 and FIG. 11A, an obverse face 1a of
a remnforcement 1F of a center pillar has a narrowed portion
(buckling portion) 15, which 1s provided between the upper
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hinge seat portion S and the lower hinge seat portion 9. Both
of the upper hinge seat portion 8 and the lower hinge seat
portion 9 are positioned below the beltline L. The narrowed
portion 15 1s formed by reducing the obverse face 1a of the
reinforcement 1F.

Strain reducing face portions 26 are formed on two ridge
portions le positioned at both sides of the obverse face 1a of
the reinforcement 1F. The strain reducing face portions 26
extend from the height position corresponding to the upper
hinge seat portion 8 to the height position corresponding to
the height position of the lower hinge seat portion 9. The
strain reducing face portions 26 are formed as chamiered
ridge portions le. Each strain reducing face portion 26
extends in the vertical (longitudinal) direction of the rein-
forcement 1F.

Portions 70 of the side faces 1d (hereinafter, referred to as
“s1de face curved portions 70””) adjacent to the strain reducing
face portions 26, and the strain reducing face portions 26 are
curved outward 1n the lateral direction of the reinforcement
1F (see FIG. 11A 1n particular). Two-dot chain lines in FIG.
11 A show a state in which the strain reducing face portions 26
and the side face curved portions 70 of the side faces 14 are
not curved.

The remnforcement 1F as described above may be formed
by pressing a high-tensile steel sheet.

With the construction described above, as shown in FIG.
11B, when the obverse face 1la of the reinforcement 1F
receives force and the reinforcement 1F buckles by a side
collision, the strain reducing face portions 26 and the side face
curved portions 70 of the side faces 14 deform to protrude
outward, without deforming to fall inward. The deformation
in this manner 1s caused by the configurations of the strain
reducing face portions 26 and the side face curved portions 70
of the side faces 1d that are curved outward. Accordingly, the
strain occurs in the strain reducing face portions 26 and the
side face curved portions 70 of the side faces 1d can be
reduced, so that a more suitable deformation mode can be
obtained.

In addition, because the narrowed portion 15 1s formed by
narrowing the obverse face 1a and the strain reducing face
portions 26 are provided adjacent to the narrowed portion 15
in the lower portion of the reinforcement 1F below the beltline
L, the inclination angle of each strain reducing face portion 26
relative to the narrowed portion 15 becomes gentle. Due to
this construction, the buckling strength of the lower portion of
the reinforcement 1F below the beltline L, which 1s provided
with the narrowed portion 15 and the strain reducing face
portions 26, 1s lower than the buckling strength of the upper
portion of the reinforcement 1F above the beltline L. There-
fore, the lower portion of the reinforcement 1F can buckle
first when a side collision occurs, so that a more suitable
deformation mode can be obtained.

The strain reducing face portions 26 are adjacent to the
narrowed portion 15, as 1n the first embodiment. Accordingly,
the strain that occurs starting at the narrowed portion 15 can
be reduced, so that an 1deal deformation mode of the pillar can
be obtained.

In addition, by providing the strain reducing face portions
26, the strain caused by buckling may be reduced even 1f the
reinforcement 1F 1s formed from a high-tensile steel sheet
with low extensibility. Therefore, 1t 1s possible to facilitate
control of the deformation mode of the pillar. That 1s, even 1f
the entire reinforcement 1F 1s formed from a high-tensile
steel sheet 1n order to secure a strength of the upper portion of
the reinforcement 1F above the beltline L, the lower portion
of the reinforcement 1F below the beltline L can deform at the
buckling position without involving large strain. Thus, the
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entire reinforcement 1F may be formed of a single kind of
material, and therefore it 1s possible to facilitate the produc-
tion process and reduce the production cost.

In the seventh embodiment, the strain reducing face por-
tions 26 and the side face curved portions 70 of the side faces
1d are both curved outward. However, as long as at least the
strain reducing face portions 26 or at least the side face curved
portions 70 of the side faces 1d are curved outward, substan-
tially the same effects as described above can be obtained.

It should be understood that the invention is not restricted
to the foregoing embodiments.

Besides, the invention may also be applied to a front pillar
(A pillar) as well as a rear pillar (C pillar).

The mnvention claimed 1s:

1. A vehicle pillar structure comprising;:

a reinforcement that 1s provided in a vehicle pillar and that
includes a buckling portion and a strain reducing face
portion, wherein

the buckling portion serves as a starting point of buckling;

the strain reducing face portion 1s adjacent to the buckling
portion 1n a lateral direction of the remnforcement and
reduces strain that occurs when the buckling;

a plurality of buckling portions are juxtaposed 1n a vertical
direction of the reinforcement, and a plurality of strain
reducing face portions are adjacent to the buckling por-
tions;

cach buckling portion has a different buckling strength;
and

cach strain reducing face portion has a different inclination
an angle relative to a first face of the reinforcement 1n
which the buckling portions are formed, and the strain
reducing face portions are connected to each other.

2. The vehicle pillar structure according to claim 1,

wherein:

the strain reducing portions include a first strain reducing
portion and a second strain reducing portion; and

the first strain reducing portion 1s provided between one of
the buckling portions and the second strain reducing
portion 1n the lateral direction of the reinforcement.

3. A vehicle pillar structure comprising:

a reinforcement that 1s provided 1n a vehicle pillar and that
includes a buckling portion and a strain reducing face
portion, wherein:

the buckling portion serves as a starting point of buckling;

the strain reducing face portion 1s adjacent to the buckling
portion 1n a lateral direction of the reimnforcement and
reduces strain that occurs when the buckling;

a plurality of buckling portions are juxtaposed 1n a vertical
direction of the reinforcement, and the plurality of buck-
ling portions are constructed of V-shaped grooves whose
cross sectional shapes are substantially same;

the buckling portions include a first buckling portion and a
second buckling portion; and

a bottom portion of the first buckling portion 1s provided
with a protrusion and the bottom portion of the second
buckling portion is not provided with the protrusion.

4. A vehicle pillar structure comprising;:

a reinforcement that 1s provided in a vehicle pillar and that
includes a buckling portion and a strain reducing face
portion, wherein:

the buckling portion serves as a starting point of buckling;

the strain reducing face portion 1s adjacent to the buckling
portion 1n a lateral direction of the reimnforcement and
reduces strain that occurs when the buckling;
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the buckling portion 1s constructed of a recessed portion
that 1s formed 1n the reinforcement and that includes a
bottom face portion, an upper wall portion and a lower
wall portion;

the upper wall portion 1s connected to an upper end of the
bottom face portion and the lower wall portion 1s con-
nected to an lower end of the bottom face portion; and

an angle between the upper wall portion and the bottom
face portion differs from the angle between the lower
wall portion and the bottom face portion.

5. A vehicle pillar structure comprising:

a reinforcement that 1s provided 1n a vehicle pillar and that
includes a buckling portion and a strain reducing face
portion, wherein:

the buckling portion serves as a starting point of buckling;

the strain reducing face portion 1s adjacent to the buckling
portion 1n a lateral direction of the reinforcement and
reduces strain that occurs when the buckling;

the buckling portion 1s formed 1n an obverse face of the
reinforcement;

the strain reducing face portion i1s provided between the
obverse face and a side face of the reinforcement; and

at least one of the strain reducing face portion and the side
face 1s curved outward 1n the lateral direction of the
reinforcement.

6. A vehicle pillar structure comprising:

a reinforcement that 1s provided 1n a vehicle pillar and that
include a buclkling portion and a strain reducing face
portion, wherein;

the buckling portion serves as a starting point of buckling;

the strain reducing face portion 1s adjacent to the buckling
portion 1n a lateral direction of the reinforcement and
reduces strain that occurs when the buckling;
an angle between the strain reducing face portion and the

obverse face of the reinforcement 1s larger than the angle
between the side face of the remnforcement and the
obverse face of the remnforcement.
7. The vehicle pillar structure according to claim 6,
wherein
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buckling strength of an upper side portion of the buckling
portion differs from the buckling strength of a lower side
portion of the buckling portion.
8. The vehicle pillar structure according to claim 7,
wherein

the buckling strength of the lower side portion of the buck-
ling portion i1s lower than the buckling strength of the
upper side portion of the buckling portion.
9. The vehicle pillar structure according to claim 6,
wherein
a plurality of buckling portions are juxtaposed 1n a vertical
direction of the reinforcement, and each buckling por-
tion has a different buckling strength.
10. The vehicle pillar structure according to claim 9,
wherein
the buckling strength of the lower buckling portion is lower
than the buckling strength of the upper buckling portion.
11. The vehicle pillar structure according to claim 10,
wherein:
an upper strain reducing face portion 1s adjacent to the
upper buckling portion and a lower strain reducing face
portion 1s adjacent to the lower buckling portion; and
an inclination angle of the upper strain reducing face por-
tion relative to the obverse face of the reinforcement 1s
larger than the inclination angle of the lower strain
reducing face portion relative to the obverse face of the
reinforcement.
12. The vehicle pillar structure according to claim 10,
wherein:
an upper side portion of the strain reducing face portion 1s
adjacent to the upper buckling portion and a lower side
portion of the strain reducing face portion 1s adjacent to
the lower buckling portion; and
an inclination angle of the upper side portion of the strain
reducing face portion relative to the obverse face of the
reinforcement 1s larger than the inclination angle of the
lower side portion of the strain reducing face portion
relative to the obverse face of the reinforcement.
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